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ABSTRACT

Asfire services embraced new technology there was a requirement to understand the
implications on other aspects of serviceddivery.

The problem the Fire & Rescue Sarvice (FRS) faced wasthet it lacked gppropriate
management information to asss it to make informed decisons about its future fire
Suppression methods and water resourcing requirements.

The purpose of the gpplied research project was to identify the deficienciesin
management inf ormation and to develop a suitable list of datait should collect. The research
employed higtoricd, descriptive and action resserch methodologies to identify:

(@ the current water supply infrastructures and practices employed by fire services and upon
what principles are they based,

(b) new fire suppresson methodologies that are being employed and how do they differ from
previous modes,

(©) management informeation systems required to assist decison-meking,

(d) specific information required to assgt the FRS to determine the fire suppression methods
it will employ and the water infragtructure it will support.

The procedure reviewed past and present fire suppression methods, water supply
requirements and management information sysems. A workshop identified further fire
incident information which needed collecting that would assist decisonmeking.

The study found that fire services were utilisng new technology to suppressfire and
they possessed well-deve oped management information systems. The findingsindicated that
mogt of the change was driven from atechnica perspective. Because of the Sgnificant
implications, management needed to consider al aspects of any developments. From the

findings it was recommended that prior to the FRS introducing new technology, it should



(a) collect additiond information outside its Incident Reporting system about its mode of
operations and water resourcing requirements, (b) consder the wider implications technology
changes will have on its whole operations when determining which option to take, () monitor
and regularly review new fire suppression research and devel opment outcomes, and

(d) upgrade the presentation format of regular reports.
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INTRODUCTION

Over the last decade the Fire & Rescue Sarvice (FRS) has been deleting whether there
needs to be sgnificant changes made to its water supply infrastructure which support itsfire
uppression efforts or whether the status quo should remain. The discussions have centred
particularly around its hydrants of which there are some 47,000 within gazetted fire didricts
across the gate. Other aspects which have been discussed include vehicle design and hose
requirements for delivery aswell as supply purposes. With the establishment of the Fire and
Emergency Services Authority (FESA) encompassing the Bush Fire Service, the reticulation
and hydrant sysems within ther jurisdiction will further impact on the decison-making
process.

Closdy digned to the issue of water supply infrastructure are the methodologies used
by fireservices to suppress fires. Because water iswiddy used as amgor suppressant agent,
these two issues are dosdly linked (Friedman, 1997). With new suppressant agents,
improvements in pump, equipment and vehide design, methodsin fire suppresson are
changing to accommodate these enhancements. Many of these improvements come from
technologica advances and are driven from that angle without consideration of a number of
other factors which reguire management decisions.

Fire services nationdly have proceeded to introduce awhole raft of changesinto their
sarvice. Some of the improvementsincluded are designed to accommodate class A foam
systems and changes to ddlivery and supply of hoselines. The changes have occurred in
comparative isolaion of aher fire servicesin the country.

Decison-making in reaion to al aspects of an organisation’s operaions relies on
vauableinformation and it is therefore essentid afire service gathers relevant deta to support

that process.



The problem faced by the FRS is thet it is debating a number of rdaed issues and it
lacks gppropriate management information which would enable it to make informed decisons
about not only its water resource infrastructure but aso which fire suppression technology it
should employ.

The purpose of the research project isto identify deficienciesin the services
management information system which is inhibiting management to mke informed decisons
about its fire suppresson drategies and in turn its infrastructure which woud support the
methods selected.

A higtorica research methodology was sdected to carry out the research into the
relationship between the systems employed today to that of the origind design festures. The
literature reviewed aso looked & the fire suppresson methods used previoudy as compared
to the new technologies emerging today. Descriptive and action research was dso sdlected to
carry out the sudy and develop alist of information which needed to be collected outside of
the current incident reporting system. A literary review of management and leadership
publications was conducted to ascertain the current view of management information
structures and the types of information required to support decisonrmaking. The research
guestionsincludedin the study were asfollows:

1 Wheat are the current water supply infrastructures and practices employed by fire
services and upon what principles are they based?

2. What new fire suppresson methodol ogies are being employed by fire services and
how do they differ from previous modes?

3 What management information systems do fire services require to assst srategic and

operationd decison-meking and how should they be designed?



BACKGROUND AND SIGNI FICANCE
Requirements placed upon developers and public utilities to provide water resources
and hydrant systems have not progressed significantly for many yearsin Western Audtrdia
When the current Fire Brigades Act was written in 1942, certain requirements were placed
upon the fire service rdaing to the maintenance and ownership of fire hydrants. Although
the legidation has been amended a number of times, the section dedling with the provision of
fire hydrants was lagt changed in 1951 (Fire Brigades Act, 1942).

The significance of water supply systems and hydrants for the FRS cannot be
understated. Legidation currently requires the FRS to own the fire hydrants in gezetted
digricts and to maintain them in effective order (Fire Brigades Act, 1942). Accordingly, the
fire service maintains the infragructure which equates to 47,000 hydrants with a current asset
vaue of 25 million dollars. (Western Augtrdian Fre Brigades Board [WAFBB] Annud
Report, 1997). Thisis an enormous asset which requires regular maintenance and asfar as
hydrants are concerned, replacement.

With the integration of the Bush Fire Service and Fire & Rescue Service into one
organisation, the asset base and vaue will rise significantly further adding the cost of
maintenance and replacement.

Because of the significance of water in suppressing fires (Friedman, 1997) and the
recognised importance of having an infrastructure which supports community protection,
thereisaneed to maintain a system of supply for some aspects of operations. However,
dthough water is required in most cases the methods utilised by fire services to suppressfires
has improved significantly with the advent of new technologies and techniques (Colletti,

1998).



The high flow rates required particularly in combating resdentid compartment fires
has shifted towards employing techniques such as high pressure hose reds, amdler hose lines
with congtant flow, variable pattern branches, and now foam additives.

When a sarvice looks a one aspect, such as whether class A foam should be
introduced through compressed air foam systems, there are a number of issueswhich dso
arise and technologica adaptations the fire service needs to investigate. Issues such as
vehicle design, training, Sandard operating procedures, environmenta and water supply
requirements need addressing. Another aspect which needs to be taken into account isthe
changing demographics of the community. Urban growth in the mgor cities and towns
throughout the State has had a profound effect on the fire problem in the urban/rurd interface.
Therole of fire service has dso seen notable variations. Today’ s fire services are mult-
functiond organisations carrying out a number of suppression, Hazmat, rescue, and
community sarviceroles. Through this evolution, little change has been made to the
infrastructure which sits behind its operations.

Importantly, in support of its Srategies and operationd aspects is sound informeation
on which decisons can be made. Fire sarviceswork in avery intricate fidd carrying out a
wide range of functions. There needs to be rdiable and up-to-date information which engbles
managers to make decisons based on this information (Robbins & Mukerji, 1990). Further,
by researching trends a more informed view will be available o that management can make a
range of decisons which could ultimately effect numerous aspects of its business.

Thiswork amsto build on the materid of the applied Srategic planning modd of the
executive planning module of the Executive Fire Officer Program, in particular to andyse
plan and integrate implementation plans within the organisation in a symptometic and

organized way.



Executive planning emphasises the interna and externd influences which are
congtantly placing grester demands on fire service management. Furthermore grester
accountability for the ddivery of asarvice to the public requires managers to establish
information systemsin order to capture, accuratdly report on, and reflect the achievements of
aservice.

LITERATURE REVIEW

Weater dill remains one of the mgor fire suppresson means utilised by fire services
throughout the world. Apart from itslow cog, rdlative availability and other outstanding
properties of non toxicity and non flammeability, according to Friedman (1997) “weter is
superior to any other liquid for fire fighting the mgority of fires’ (p. 194).

Theimportance of water resources for fire fighting has long been recognised by fire
services and government legidators. In New Zedand (NZ), the fire service is required to
pecify its water requirements for fire fighting, (New Zedand Fire Service [NZFS], 1992).
While the Manua of Firemanship (1987) states the Fire Services Act 1947 of the United
Kingdom (UK) requires “afire authority to take reasonable measures’ for the adequate supply
of water for use a fires (p.69). Asrecent as 1997, sufficient supplies of water for fire fighting
was seen by the WAFBB as anecessity. In their Annua Report to Parliament they stated that
adequate water resources were*“ critical in preventing loss of lif e aswdl aslimiting property
and environmental damage” (W.A.F.B.B., 1997, p. 15).

Water Mains | nfragtructure

Typicdly, in developed countriesfire services have access to water supplies through
reticulated mains, well designed to provide water for firefighting as well as domestic needs
(Schultz, 1997). Thisdud role influences the design, and particularly the flow rates of the
system, and even the location of standpipes or hydrants from which afire service can draw

supplies. Linder (1997) dso identified different hazards and future community growth asa



condderation when designing a sysem. He saw that fire flow rates in the United States of
America (USA) were basad upon a number of methods, with the Insurance Service Office
(1S0) methodology “the most comprehensive and widdly recommended” (p. 6-67,6-68).
However, Grimwood (1994b) of the UK saw that the “ American formulas provide over
edimates of actud fire ground requirements’. He makes a comparison when outlining his
formulawith that of the formulafor estimating water flow ratesfor fire fighting which Royer
and Nelson of lowa State University developed (p. 30).

In Western Ausdtrdia, the fire service sets awater flow rate out of ahydrant a 1500 litres
per minute in resdentid areas and 6,000 litres per minute in industrid or commercid arees
(WAFBB, 1993). Therate of flow was established a number of years ago and includes
domestic and fire flow requirements. A survey concluded in 1993 thet in sdlected resdentid
suburbs of the Greater Metropolitan Perth, the minimum flow rates in some areas were not
being achieved. Likewisein 1992, the NZFS reviewed their fire flow rates and published new
dandards. Now, the New South Waes Fire Brigade is consdering adopting new standards of
flow rates of 600 litres per minute in areas where Class 1 dwellings (resdentid) will be
congtructed (1.D. MacDougdl, Person Communication, June 5, 1998).

Schultz (1997) recommends pipes should not be less than 150 mm in diameter on
reticulated mains far fire service use. However, many water authoritiesingtal smaler
systemsin resdentid areas in countries such as the United Kingdom, New Zedand and
Audrdia Some older systems have 75 mm pipes, but commonly, the minimum 100 mm pipe
szes make up the didribution system today (Grimwood, 1992; WAFBB, 1993).

Fire Hydrants

Fire hydrants are the means whereby fire services obtain their water suppliesfor fire

fighting. It is upon the water distribution system that the fire hydrants are installed.

According to Schultz (1997) hydrant location spacing is determined by the fire flow demands
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of 1SO or other formulas and “ at present there is no universally accepted method”. Generdly,
however, gpacing should not exceed 245 metres and in closdly built up areas, 150 metres

(p. 641). A survey of Audtrdian and United Kingdom hydrant spacing found that there was
no congstency in gpacing of hydrants evident between fire services, athough none exceeded
the 245 metre apart distance (R. Hinch, Persond Commurication, May 31, 1995).

Hydrant design has been perfected to suit the loca conditions, particularly in areas where
very low temperatures are recorded (Schultz, 1997). In Western Audtrdia, both below ground
and pillar hydrant designs can be found ingtded today, even though they were largdy
perfected early this century. Improved versons of the origina design below ground bal type
hydrants can Hill be found in the areasfirg settled in the city. Similar conditions are recorded
in the Goldfield City of Kagoorlie

Fire Suppression Using Water

Fire Services have been usng water without any foams or wetting agents for the mgority
of thelr fire suppression efforts since fire services began operating. According to Friedman
(1997) gpart from spraysfrom automatic sprinkler systems, the most common way of
applying water isby “asolid stream or spray from ahose” to extinguish burning solids (p. -
9). It wasn't until theindirect method of fire atack in ship compartments was developed by
the United States Marine Corp during World War 11 that according to Grimwood (1992) fire
suppression shifted to any degree from the older method of straight water streams aimed at the
base of the fires to different procedures. The procedure developed by the US Marine Corp
involved goplying weter to hot compartment services which in turn rgpidly changed the weter
into seam. The practice particularly suited the European method of fire attack and gained
popularity where fire services favoured smdler self contained fire gppliances which could

operate with reduced water capacity.
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The NZFS adopted the fire attack method in the 1960s as its main atack tactic for al but
larger fires where low pressure ddiveries are used (B. Jones, Personad Communication,
Augudt 4, 1998). Audrdian services use smilar methods of fire suppression as other services
throughout the developed world. They typicdly use sraight and spray nozzle sreams as well
as high pressure hose redls with the capacity to produce water fogs (Thornton, 1997). Thefog
method of fire atack started to lose popularity in the USA because of hedth and safety issues
which were largdy overcome with the introduction of medium diameter hose lines that
delivered the desired amount of weater through a solid stream fire attack method from sefe
distances and without disturbing ventilation methods (Grimwood, 1992).

The lower pressure delivery method reguires larger quantities of water to put onto afire
the required water flows are typicaly obtained from water mains and delivered through fire
service pumps for added suppression power. On the other hand, high pressure water ddivery
through hose reds has amuch lower flow rate and therefore for compartmentaised dwelling
fires water carried on the appliance has been found to be ided. (Grimwood, 1994a8). While
Kokkada (1996) concluded that for the same extinguishment times water gpplication rates
were three or four times higher for solid streams than that compared with fog.

Foams

An emergency trend isthe use of class A foams by urban fire services for sructurd fire
suppression. Foams on the other hand have been used reasonably extensively by rurd and
land management agencies for anumber of years. Stern and Routley (1996) found that the
State of Texas commenced using foaming additivesin the 1970s for wildland fire Stuations
and following further development il use this method extensively today. Their research
aso found that class A foams werefirgly evauated in the 1930s with results showing “class

A foams could suppress fires more efficiently than plain water in most cases’ (p. 3, 4).



13

According to Weider, Smith and Brakhage (1996) the technology has only been fully
developed recently. This was backed up by Colletti (1998) who found thet the currert class
A foamswere developed in the 1980s. The new foams contain the surfacant properties of
detergents, chemicals to improve penetration and other additives to improve thefoam's
mechanica properties. The new mixtures required low mixture rates between 0.1 to 1 percent
compared with other concentrates (Colletti, 1992).

Many benefits have been derived from using class A foams according to Stern and
Routley (1996). Theseincdude:

fagter knockdown and extinguishment

quicker overhaul time

lessdamageto property

reduced firefighter fatigue

reduced water supply reguirements.

Class A foams can be ddlivered by two main methodologies. In the nozzle aspirated
system, the water and foam is mixed by a proportioning device on the discharge Sde of the
pump. The foam water solution is aerated at the branch, usudly through a branch designed to
aspirate.

In compressed ar foam systems (CAFS), the foam and water are dso mixed on the
discharge side of the pump. However, compressed air is then introduced into thewater/foam
solution thereby aerating the solution prior to its ddivery to the branch. In CAFS, smooth
bore branches can be utilised (Stern & Routley, 1996).

Jones (1995) reported in the tests that Fairfax County (VA) Fire & Rescue Department did
with the US Army Tank Automotive Command at Fort Belvoir (VA), that there were severd
advantages CAFS had over plain water. It wasfound that class A foams penetrate deep seated

fires due to their water surface tension bresking properties, the foam solution had greater



penetration, and overhaul was safer because crews could do the task from a more remote
pogtion. Additionaly Colletti (1993) found that CAFS systems reduced temperature faster
than plain water and foam/water solutions. An added advantage identified by Carringer
(1995) of class A foamswas that the aerated foam clings to, and blankets fuds as well as
insulating exposures from the radiant het.

Water Mist Technology

Another method of initid fire attack being promoted throughout Europe, the USA, Asa
and Audrdiaisthe impulse fire extinguishing technology.  Its principle extinguishing method
issgmilar to the high pressure hose red concept, except it uses compressed air to expel smdl
amounts of water at pressures of 25 bar from an impulse gun (Victorian Urban Fire Brigades
Asociation, 1998). According to the manufacturers, the very fine droplets of water (2 to 200
microns) areinjected a high velocity from the impulse gun directly into the seet of thefire,
whereby the small droplets rapidly cool the burning materid. The high velocity of the water
Stream enables grester penetration while the conversion of water into steam reduces the heat
of thefire to below itsignition temperature. The technology can be employed in a number of
way's from backpack to gppliance mounted configurations (Wilkey, 1992). The portable
backpack mode of operation is reportedly useful in buildings, congested dreets and dleyways
where response times are delayed because of traffic congestion and limited access.

Smadl amounts of water are required to make an initid atack aswel as control
compartmented and other outdoor fires. It was reported in the Victorian Urban Fire Brigades
Asociation newspaper, Fireman (1998) that only “seven litres of water” were required to
extinguish afully involved passenger car fire (p. 15). Conversdly, the sysemsare generdly
limited to first Strike action and rely on the response from other fire personnd with the more

traditiond fire suppresson equipment to, in some cases, fully extinguish the fire aswell as
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carry out large overhauls. Apart from manufacturers’ literature thereislittle recorded

research on this new technology.

Management | nformation

According to Daft (1995) “informetion is the life blood of organisations because
information feeds decison-meaking” regarding every aspect of an organisation’s business.
Organisations need to collect and provide information for management (p. 299). Likewise,
fire departments are required to provide information to prove their cases for budget
dlocations as wel as problem solving and program development. Gone are the days where
the Fire Chief, with years of experience could use his professond opinion only and not base
decisons on sound facts (Delgardo, 1993).

Both amdl and large fire departments are presented with Smilar decisonrmeking
requirements and therefore reguire typica information. However, it is not necessary for fire
departments to collect management information in the same manner. The information can be
collected ether manudly or in a computer database.

Computer databases do however, provide computer power which engblesfire
departments more quickly to compile and andyse data than the manud system. Because of
today’ s business environment being very competitive with ever increesing demands on levels
of service by the community, fire services need effective management. The computer-based
management information system is one of the ways to increase productivity with fewer
resources (Harvey, 1997).

Hodgetts (1990) saw that even though informeation systems had the “ primary god” of
“providing managers with data necessary for making decisons’, information sysems had to
be devel oped to meet the different decison-making requirements of each organisation. He
a0 saw that managers faced amgor problem with information overload, recognising thet too

much information doesn't necessarily assst the decisionrmeaking process (p. 344, 345).



According to Harvey (1997) thereis no universa or one best method to manage
information sysems. However, the success of the information system depended on how it
was “organised and managed” (p. 10-45). Daft (1995) dso noted that the way information
systems were designed was equdly asimportant. Managersfirstly neededto undersand the
difference between data and information. He sees dataas “tangible’ and includes such things
as numbers, words and times, whereas the data only becomes information once understanding
of the numbers, etc has teken place. He condudes information systems should provide
managers with information and not deta.

Because information is required by managers to make decisions, Hodgetts (1990) dso
saw that management information systems needed to be tailored to suit the requirements of
eech level of management and function being performed. To overcome some of the design
features, it isimperative for managersto be involved in the design and participate in the
system development.

While Keen (1995) identified thet in the developing Stages of management information
systems (M1S), the “MIS g&ff rardly understood the business, and few business executives
understood MIS’ (p. 17).

Because organisations and fire services use information to make decisons regarding a
number of functions, information systems needed to be designed o that information can be
utilised from one areato another. Keen (1995) outlined a data base management system
(DBMS) which dlows the integration of data from one function to be shared and integrated
with datafrom another function. The system design enabled sub sets of datato be devel oped
which make up the organisation’ stotd data base. According to Harvey (1997) there are two
ways system integration can be accomplished. Oneis the way business functions are
peckaged. For example, a computer aided despatch data base may be designed so it could be

expanded to indude human resources and incident reporting data. The other method is for the



corporate database to be made up of anumber of or groups of databases. In thisway the
information is obtained from a number of functional aress.

Although most fire services management information systems support a variety of
functions such as budget and finance, personne, fleet management and fire prevention, it is
the computer aided despaich (CAD) and incident reporting sysems which is orientated
towards afire service s emergency operations. Usudly, CAD and incident reporting systems
are linked.

The Nationd Fire Incident Reporting System (NFIRS) was etablished in the 1970s
according to Delgardo (1993) and its success has not been on the number of systemsingaled
throughout the USA, but whether or not NFIRS turned out to be the storage of “important and
useful source of information” (p. 48).

Informetion regarding individud incidents according to Schaenman (1997) isfor both the
individud fire service and “the broader fire protection community” (p. 11-12). Furthermore,
aggregated data of fire services across states and countries can be more useful as it enables
assessment of effective programs. It is however, difficult to predict dl the information thet is
likely to be required to assist in the decisonimaking process and therefore, data bases need to
be designed so that information can be gathered rdatively eadly and rdiably, and adjusted to
include new requirements. Uniformity is a necessity when fire departments wish to compare
data across a broader spectrum of the fire protection community. This is accomplished in the
USA through the Nationd Fire Protection Assodiation 901 Standard and in Audtrdiathrough
the Audrdian Incident Reporting System (AIRS).

Importantly, information collected for uniformity and for the wider fire protection
community needs to be collected for the benefit of the locd fire service. Without any

relevance to the locd service, according to Schaenman (1997) the “motivation and
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commitment to quality and completeness may diminish, with aresult of reduction in the
usefulness of the datd’ (p. 11-12).

There are two ways in which afire service can specify the dataiit requires to be collected
and gored. Thefirst way isto define the information required and then determine the best
method of collecting it, or dternatively utilise reedily available information sources and
ascertain how that information can be obtained (ICMA, 1998). Usudly, fire services collect
their own data from arange of operationd sources and utilise information collected by other
non fire specific agencies. For data from outside sources to be useful it must be orgenisedin
such aformat that the data can be manipulated and read eeslly.

Because mogt senior executives dther do not have the time or the skills to andyse detalls,
oreadshests or tables, the information should be produced in such away thet it can beeesly
read and clearly understood. Common methods used can be smply generated by most
computer systems in the graphic or tabular form so that the Satistical data can be interpreted.
Because computer systems are very powerful they can generate useful charts quickly and
presented ether on an overhead screen or printed out for individuals to scan (ICMA 1998).

Although MIS are designed to provide information regarding an array of activitiesand
the information suffices those requirements, thereis dill aneed for fire servicesto
occasiondly study specific aspects of the organisation’s operations. According to Kroenke
(1992) “decision support systems are created to solve particular problems on an ad-hoc
processing bass’ (p. 55).

PROCEDURES

The desired outcome of the research paper was to identify information deficienciesin
the FRS Management Information System which were inhibiting the decison-meking process
in relaion to which fire suppresson methods it should employ, and the resourcing

infrastructure implications. It stands to reason that with a greater understanding of the



technicad nature of fire suppression and public infrastructure, management can utilise thet
information to make more informed decisions regarding other aspects of itsoperations.

Higtorica research was conducted in the literature review to ascertain the rdaionship
between the current public utilities and fire suppression methods employed by fire servicesto
that of early emergency service agencies. The purpose wasto gain an understanding of how
the past methods and designs have influenced engineering practicesin the 1990°'s. The
literature review concentraied on materia published in fire service journds and publications.
Also, historicd research of FRS recor ds and papers written by the Water Corporation of
Western Augtrdia was undertaken to ascertain the origins of the West Audtrdian utilities
dructure and engineering principles. The historica research provided background as to why
certain eguipment, berefits, and utilities were designed in such afashion.

The research was additiondly descriptive in that it described the current satus of the
management information, water supply infrastructure and fire fighting methods. Lasly,
action research, through aworkshop consgting of a crass section of technica and operationa
daff, was used to identify decison-making information defidencies From this,
recommendations were made and a process outlined to gather further information which
would overcome the current decison-meking shortfals. The information required to be
gathered is documented in Appendix A.

Due to the recent changesin technology, a number of fire services have been looking
into their operations. The NZFS commissioned the engineering degpartment of Canterbury
Universty in Christchurch, New Zedland, to carry out studies for them. The writer obtained a
yet unpublished copy of the work done by the heed of department, Dr Heilschmann who is
currently doing a comparative investigation of the extinguishing effectiveness of high
pressure fog, high pressure fog with class A foam, and compressed air foamsin fully

deve oped domestic compartment fires. Apart from the information gathered from his
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unpublished work, a seminar was held recently & the FRS and the NZFS assisted in providing
information for the research.

Theliterature review concentrated on determining the origins of water system design
and infragtructure. From there fire service publications were researched so that an historica
gpproach could be documented on the way in which fire suppresson methods evolved. These
perspectives were significant as congiderable discusson has taken place recently within the
FRS whether it should design its fire gppliances to indude class A foam injection mechanisms
and compresed air foam systems. The service has been relying mainly on technicd detaand
the research was important to identify any other resource implications and managerid issues.
As a conseguence of the research, a contemporary view of management informetion sysems
required, and aview of what data should be collected, has been formed. Furthermore, this
perspective was sgnificant as the technical capabiilities were driving decision-making
whereas issues such as codt, Srategic objectives, time management, saffing leves, and
resource alocations were not being considered.

The research project was limited to documentation readily available from Audtrdasia,
the USA and the UK. A great ded of literature regarding impulse technology was unable to
be found. Therefore research carried out by other than manufacturers and articles written in
Fireman (1998) and Helicopter World (1998) was the only materid reviewed.

Additionaly, most documented information on class A foams was researched from the
USA and recent work carried out in Audrdia by the Country Fire Authority (Thornton,

1997). Thework of Dr Heischmann from Canterbury University in New Zedland will be
ussful once published. Further information regarding the United Kingdom and European
experience, particularly Sweden would be helpful, astheir current fire suppresson methods

appear to be not consgtent with that of USA (Grimwood 1992).
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RESULTS

Following research into contemporary water resource requirements; fire suppresson
methodologies, as wel as Management Information Systems which support decisorrmeaking,
alig of additiona incident information requiring collection was developed. It isoutlined in
Appendix A.

The following research questions were dso answered:

1. What arethecurrent water supply infrastructures and practices employed by fire
servicesand upon what principlesarethey based?

Mogt infrastructures established to supply water for domestic use are dso designed to
accommodate fire service requirements. Separate domestic and fire service reticulation
systems can be found in certain countries particularly where water suppliesin the
domestic main cannot support mgor fire fighting water requirements (Manud of
Fremanship, 1987; Schultz, 1997).

Hydraulic caculations, which till are of some relevance today to caculae water
stream requirements, stem from the “extensive investigation” work done by John R
Freemen in the 1880's and William Jackson in 1893. The work included determining
sandard fire streams and hose Szes (Bugbee, 1987, p. 12). From the earlier Sudies,
today’ s fire flow rates were developed and are reflected in a number of formulas (Myer,
1993; Schultz, 1997).

Water main szes are aso recommended to accommodate flow rates for fire fighting.
In Audrdia, the UK and NZ, the minimum diameter of 200 mm isfound in mogt
resdentid reticulation sysems, dthough some of the older areas have 75 mm mains. In
the USA mainsless than 150 mm in diameter are not recommended for fire savice use

(Grimwood, 1992; Schultz, 1997).
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To achieve better ddlivery into hydrants the ided system would be where dl mains
areinter connected in a series of loops so that there are no dead ends (Manud of Firemanship,
1987, Schultz, 1997).

To endble fire services to draw water from the digtribution system, hydrants are
provided on the mains. Hydrants can ether be below ground or above ground in the case of
pillar hydrants. The spacing between fire hydrants depends on the fire flow rate near the
identified risk to adequately suppress afire. Shultz (1997) saw that the location of hydrants

varied according to need:

thereis no universdly accepted method for establishing fire flows for other
then fixed extinguishing systems, spacing of hyarants should not exceed 245
metres between hydrants. In close built areas 150 metres or less between
hydrantsis more redigtic. Hydrants should be located as close to the reet
intersection as possible, with intermediate hydrants along the street to meset

the area requirements (p. 6-41).

Furthermore, hydrants should not be placed arbitrarily a set distances apart, but
postioned to stidfy fire flow demands. The spacing of hydrants differsin countries with the
UK setting arbitrary distances of 90 and 180 metres gpart, whereas investigations have found
that Audtrdian Fire Services do not have a common standard (Linder, 1997; Manud of
Hremanship, 1987; R. Hinch Persond Communication, May 31, 1995).

There are severd formulas for estimating fire flow reguirementsin which to
extinguish fires (Grimwood, 1992; Myer, 1993; Schultz, 1997). Two formulas commonly

usad in the USA are the Royer/Neson and Nationd Fire Academy formulas.



Thereis quite a digparity between these two formulas which led Grimwood (1992) to
conclude “in my own experience, | find both of these fire flow formulas provide over
etimated Of the two, the Royer/Neson theory is closest to the red fire requirements’.
There are ds0 severd variables which affect the amount of water required to extinguish afire.
These include the fire load found within a structure, as well as the skills of the firefighter
making the attack on afire (p. 86).

2. What new fire suppression methodologies are being employed by fire servicesand
how do they differ from previous modes?

In an endeavour to improve the effectiveness of water as an extinguishing agent, work
commenced over fifty years ago on the development of water surfacant agents. These
surfacants improve the penetrating capabilities of waier by reducing its surface tenson. The
surfacants were produced to be gpplicable for the different fire classfications but in generd
are grouped into “ either wetting agents or foaming agents’ (Thornton 1997, p. 14). It was
found there is a difference between the two groups. Wetting agents have the capability to
improve the water’ s ability to sporead and penetrate, while foaming agents are true foaming
concentrates with the ability to produce bubbles which can cling to surfaces (Carringer, 1995;
Colletti, 1992).

Class A Foams

Synthetic detergent surfacants such as class A foam technology has advanced recently
with the new types first gppearing in the 1980s (Colletti, 1998, Weider et d., 1996). Research
found that dass A foams have the ability to penetrate class A fudls, cling to surfaces, reflect
radiated heat, enable water to spreed like a wetting agent, exclude oxygen, aswell asretaining
its heat absorption properties (Thornton 1997).

With the recognition thet fires can be controlled and extinguished more effectively when

additives, and in particular class A foams are introduced, a number of fire services are now
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usng dass A foam technology (Grimwood, 1992; Jones, 1995; Stern and Routley, 1996;
Thornton, 1997). The foam fire fighting methodology was origindly developed for bush and
wildland fire fighting. Since those early days, the literature identified congderable
development had occurred. This culminated in the development of CAFS. This method
combines the good attributes of the aspirated class A foam, but introduces compressed ar into
the systems which has the ability to “convert 90% of the water to foam” (Thornton 1997,
p. 16). It wasfound the key festures of the compressed air foam systems were that for both
the wildland and structure fire suppression situations, very low water supplies are required to
extinguish fires and the heet of afireisreduced quicker usng CAFS. (Colletti, 1993, 1998).
Water Fogs

Another form of fire suppresson which, athough not new, continues to be utilised
throughout the developed world, is the fog atack fire fighting method. Although it was found
that its popularity in the USA iswaning, thisfire fighting method is il used extensvely
throughout the UK, Europe and Audrdasa  The bendfits identified of using thistype of fire
fighting technology over solid sreamsis that consequentia loss caused through water damege
to property isreduced, there is areduction in demands on firefighters, and the amount of
water required to bring afire under control is aso gresaily reduced. (Grimwood, 1992).

Frefogging sysems were identified as being dso used in rurd and wildland fire
fighting. Similar advantages such as easy handling of long lengths of hose, reduced
firefighter fatigue, aswdll as greater water suppression efficiency were found as with fighting
fireswith fog systems (Turnbull, 1996).
Solid Streams
The solid stream or low pressure spray differs from the fog or high pressure spray method
because of the higher volume of water output and pressures to energise the water. Solid

streams have their gpplications, particularly in defensive fire suppression modes, when an



offensve atack is mede directly into the base of thefire or if afireis reaching a point where
full involvement may occur. The striking and penetration power of straight streams coupled
with the ability to attack afire from a safer distance were ds0 seen as the suppression
methods main advantages. (Grimwood, 1992; Thornton, 1997).

Water Mists

Although inbuilt water migt systems in structures have been available for sometime,
portable water mist sysems, cdled impulse fire extinguishing technology, has been recently
developed in Germany. The technology uses compressed ar to expel smal amounts of water
a highvdodity into afire. Because fine water spray is expeled as such high velocity, the
water stream has greater penetrating power than the high pressure fog extinguishing medium
delivered viaahigh pressure hosered.

From the limited literature, it gopears the technology has gpplication in wildland fire
fighting aswell as sructure fire suppresson. It is goplicable aso for exterior high risefire
fighting via the use of hdlicopters as a platform (Victoria Urban Fire Brigades Association,
1998; Wilkey, 1998).

The difference between this technology and other forms of fire extinguishment is thet the
water isexpdled a very high velodity by compressed air. Although thereislittle information
published on the fire suppression methodology, manufacturers marketing materia shows thet
water additives, such as dass A foam, can be introduced into the fire sream. The biggest
advantage is that very smdl amounts of weter are required to bring fires under control

(Victoria Urban Fire Brigades Association, 1998).

3. What Management Information Systemsdo fire servicesrequireto assist strategic

and operational decison-making and how should they be desgned?
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It was found that fire services, like other organisations, rely on informetion to make
decisons ether at the drategic or operationd level. They dso are required to provide
information to externa bodies, as well asto other divisons within the sarvice (Daft, 1995;
Delgardo, 1993; Hodggetts, 1990). The Sze of an organisation is aso not a predictor of the
type of information that is required or collected. Neither is whether the MISis manud or
computer based (Harvey, 1997; Robbins & Mukerji, 1990). However, computer based
systems do give organisations the ability to access and assess information much quicker than
the manud mode (Daft, 1995; Harvey, 1997; Keen, 1995; Robhins & Mukerji, 1990;).

Decison-making is not necessarily dependant on the quantity of the materid. Qudity
as0 needs to be congdered. The information needs to be “rdevant, accurate, complete,
rdiable and timdy” (Robbins & Mukerji, 1995, p. 387).

An important agpect of any MIS isthe way in which it was designed according to the
research. Thereis adgnificant difference between what is data and what isinformation.
Running in pardld with thisis that a sysem needs to be tailored to meet the individud the
needs of each level of management within the organisation (Daft, 1995; Harvey, 1997; Keen,
1995; Hodgetts, 1990).

Another aspect of aMISisthat they need to be desgned in such amanner that
information collected in one functiona area can be accessed and used for decision-meking in
another functiond area (Harvey, 1997; Keen, 1995).

It isaso not possible for an organisation or fire service when establishing itsM1S*“to
routingly collect dl the dataitems that are likely to be needed by dl types of potentid data
usarsin the future’ (Schaenman, 1997, p. 11-12). Ad-hoc specific information isrequired a
times to solve particular problems (Kroenke, 1992). Therefore it was seen that systems
should be designed to enable locally collected detato be added when the need arises. This

dlowsfor uniform data required to be collected, with the ability of the system to obtain
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further specific new information for short periods. Once the specific use of thet information
is completed, an organisation should cease collecting the data (Schaenman, 1997).

The AIRS data base provides comprehensive information about fire protection issuesin
Audrdia It collates data cdlected on anaiond bass and accommodates individua agencies
who wish to collect further information for their own requirements. The information outlined
in Appendix A, which is additiond to the AIRS data, should assigt the FRS in its decison-
meking

DISCUSSION

The results of the study indicate the FRS s infrastructure, which supportsitsfire
SUppression Srategies, compares with the findings of the research. It was found that the
substantia resources fire services have in place reflect the recommendations of the Literature
Review, dthough there are differences between continents and countriesin their application
(Grimwood, 1992; R. Hinch, Persond Communication, May 31, 1995). Information sysems
which support decison-making about dl agpects of fire service strategies and operationa
matters reflect the results of the research.

Common throughout the materid is that most infrastructures are based upon work done
by the noted researchers Freeman & Jackson and that the principles which were developed
gl form the basis of public water supply and fire suppression equipment today. (Schultz
1997).

What was evident was thet the water supply design has greater capacity in the USA,
paticularly in resdentid areas compared to thet of other countries that form a part of the
study (Manud of Firemanship, 1987; Schultz, 1997). It gppearsthat the Austrdasian
desgners have followed the UK water main and hydrant spacing formula even though
systems around Audrdia and New Zedand are smilar but not exactly the same (R. Hinch,

Persond Communication, May 31, 1995). Apart from this, it is universaly accepted



communities need awell planned water supply systlem and a guaranteed fire flow supply for
fire fighting even though there are a number of different accepted fire flow caculaion
methods (Grimwood, 1992; Schultz, 1997). Even though research has been documented on
other fire suppression methods, the high volume, low pressure spray/solid stream nozzles, are
dill used widdy today. The use of high pressure fog to extinguish fires compares with the
research and this method is till widdly used by fire services in Austrdia as one means of fire
attack in dructure fires. Although there are certain advantages in this method of fire attack,
there are dso negative agpects identified. Due to these, fire sarvices, in particular in the USA,
are reverting to the more traditiona method of high weter flows at low pressures for
principaly extinguishing dass A fires (Grimwood 1992). Class A foams are now emerging
asamethod of fire attack since the foaming additives technology has improved (Weider, et
d., 1996). The performance of the extinguishing medium being further improved with the
advent of compressed air foam systems. (Colletti, 1993).

Little research has been documented on impulse fire extinguishing technology which
aopears to be emerging as a new method of fire suppresson. The advantage of such
technology is that very smdl amounts of weter that are required to control and suppress afire.

In rdaion to MIS, fire departments are required to collect and andyse information like
any other business organisation. It doesn't particularly matter whether the fire department is
smdl or large, Smilar information is required for decison-making (Delgardo, 1993).

One of the mgor findings was thet the MIS provided information for managers to meke
decisons. Therefore managers needed to be involved in the design and system devel opment
(Hodgetts, 1990; Keen, 1995). MIS needed to dso be integrated across functions within afire
sarvice.

Fire Services are rddively unique in that they have M1S which support emergency

operdtions. The FRS has a CAD system and incident reporting system and it collects
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information complying with the AIRS which was based upon NFIRS of the USA. Even
though AIRS is comprehensive, there are information ggps which were identified. An adthoc
reporting systems needed to be created to provide specific information and then disbanded
once the usefulness of the information has passed (Kroenke, 1992).

Having identified thet fire suppresson techniques have not only changed over the last
few years, but there are emerging new technologies that will have sgnificant impacts on the
organisation, the service needs to look closdly & awhole range of other issues. Implications
such as the design of fire apparatus equipment, sandard operating procedures, and training
staff need to be considered. It is clear from the research that water mains and hydrant systems
of today were mainly a product of work done in the last century and even though vdid for
high flow/low pressure fire streams, technology has moved on. Because most of the new fire
fighting methods have significantly reduced water requirements for the suppression effort,
changes to water mains and, in particular, hydrant location and design, would need to be
serioudy conddered.

Ancther important implication that the reseerch has highlighted is that even though the
FRS has awel devdoped MIS, management needs to have gregter ownership and be more
involved in reviewing the information at dl levels. Furthermore, the information from the
database is difficult to retrieve and is not presented in a user-friendly manner.

The study has highlighted deficiencies management must address. Moreinformation is
required to support the need for current water supply infrastructure and suppression methods,
and management needs to take greater involvement in determining itsinformetion
requirements. The additiond information requirements are supported by the FRS research

and findings and should ass & the debate where the Fire & Rescue Service should be heading.
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RECOMMENDATIONS

Policies regarding fire protection are achieved through the aggregation of processed
information from awholerange of services within aloca community, state and nation.
Decison-making is based upon informeation thet a fire service eects and uses to understand
the effect their sarvice is having upon fire protection within the community. Informetion is
also agood source in order to raise community awareness of fire protection issues.

One of the most widdy used methods to gather vauable informetion about fire
protection is the computerised aided dispatch and the fire incident reporting system. Being a
reldively isolated fire department within Audrdiait is beneficid for the FRS to gather
informetion about arange of operations of the service and compare it with the nationa
experience. Without this vauable information qudity decison-making may be hindered.
Regardiess of the technology employed to collect thisinformation for objective decision
making it must be presented in such away that managers can interpret the data

By indtituting changes to the management information system it demondtrates clealy
that the organisation has a culture, firgtly of making decisons based upon good information
and secondly it ssts atone for people within the organisation and other stakeholders thet the
drategic and other operationa agpects of community protection is based upon logica
decisorn-meking. Given that the FRS does not have enough information to support meking
changes to the fire suppresson methods or its water supply infrastructure, the following is
recommended:

1 Ceaseintroducing class A foamsinto the service until an integrated action plan

isdeveloped. The congderable work dreedy being done on the technica
aspects of the benefits of dlass A foams, should be documented and added to

any other relevant information that is being collated.
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Theful impact of the introduction of new fire fighting methods should be
investigated 0 that there is a clear understanding by management of the
implications of any improvements. From there, management can make
informed decisons about the future direction d itsfire suppresson activities.
The FRS should collect the additiond incident report information outside of its
AIRS database. Thisinformation is required to assist decison-making about
its operaions in line with the recommendations made by the workshop
(Attachment A). To communicate the purpose of collecting the additiond data
and to assig the officers doing the reporting, training by regiona managers
should occur.
The amdl team that has been having ongoing discussons with the Weter
Corporation about weter flow rates, hydrant design as well as maintenance
cods, should form part of the interagency working party that islooking into
new fire suppresson activities. Thiswill ensure thet thereis a cross-
fertilisation of information, and the public utilities should reflect the
requirement of the community aswell astaking into account the new fire
savice ddivery directions.
Management should monitor and be involved more in the work done by the
working party, and in that process, identify and anadyse factors, other than
technical issues which impact upon the service. For example, a cost benefit
andysdis should be undertaken, which compares the cost of the changes against
the savings made if the infrastructure and equipment changes.
Ladly, the presentation of data from the incident reporting system needsto be
upgraded so that the information isin amore readable format for managersto

decipher.
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With improved management information for decison-meking, the community, will
benefit from any improved fire protection measures, and the fire service will dso be seen as
more professiona and accountable. Other factors such asthe cogt to the fire service aswell as
the other operationd aspects will be dlearly seen to be andysed. Additiondly, decisons

would be based upon not only the technica agpects but dso managerid issues.
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Appendix A

Additional Fire Suppression Information

Incident Number Date

1. Typeof Fre

Structureld Bush[d Vehided
2. If firewasin adructure

a wasit fought initidly fromthe: Interior 1
b. the suppression effort was: Offengved

. Technique used to initidly attack fire:

a. Direct (eg. base of fire) 1
b. Indirect (eg. overhead or hot surfaces)

. How was water gpplied:
a high pressure hosered fog > 15 bar
b. hose red <15ba
C. 40mm hose — spray pattern <10 bar

d. 40mm hose— straight stream <10 bar
e. other

. Edtimated water used:

a. tobring fire under control and suppression
b. overhaul

. Was the tank supply adequate to suppressfire:

a yesd nod
b. if not, other means of supply: hydrant

. Wasahydrant used to:

Reporting Officer

Other

Exterior
Defensved

(I W

litres
litres

another gpplianced

a. connect into tank filler to maintain supply for fire suppression

b. fill thetank just in case
c. fill the tank after fire extinguishment
d. only used for supply during overhaul

. How far was the nearest hydrant from the fire

. If the water tank had alarger capacity:

metres

a. would its contents have been adequate to suppress the fire yes

b. if s0, how much more would have been required

litres

oooo

a

nold

36



	Abstract
	Table of Contents
	Introduction
	Background and Significance
	Literature Review
	Procedures
	Results
	Discussion
	Recommendations
	References
	Appendix A  Additional Fire Suppression Information

